SYNOPSIS Undetected air leaks in a high-vacuum sterilizer can defeat the sterilization process. For this reason the maintenance and supervision of these sterilizers needs expert engineering care. The importance of controlling the high-vacuum sterilization process from the centre of a load rather than the chamber drain is emphasized, and a method of detecting any failure in a high-vacuum process is described. The dynamics of the high-vacuum sterilization process are discussed and the possible disadvantages of an integrator are noted. The wisdom of using a temperature of 134°C. for three minutes is questioned.
Any delay in steam penetrating into a load in a highvacuum, high-speed sterilizer can defeat the sterilization process. The holding time at 134°C., the temperature of steam at 30 pounds per square inch (p.s.i.), is only three minutes, and although such a rapid process increases the turnover of a sterilizer, the wisdom of having such a short exposure time to steam has been questioned by Knox (1961) . In most of the sterilizers at present in use the steaming time is taken from the moment when the chamber drain reaches the temperature of saturated steam at the pressure employed. However, it has been shown (Fallon, 1961) that this temperature may be misleading if steam penetration is delayed due to deficiencies in the fore-vacuum drawn before steam is admitted to a high-vacuum sterilizer. Normally the level of vacuum is monitored so that steam is not admitted to the chamber until a vacuum of 20 mm. Hg absolute pressure or better is reached. Not only could such a monitoring system become faulty but, as has been noted (Fallon, 1961) , the fore-vacuum can be defeated by an undetected leak in the sterilizer. The present paper describes experimental work on the effect on steam penetration into a load exposed to steam at 20 or 30 p.s.i. of a known and measurable leak. It (Fig. la) , in which the thermocouples were introduced round the door of the sterilizer, a remarkable delay in steam penetration into the load was observed. When the thermocouples were placed through a leak-proof fitting the delay was less dramatic (Fig. 1 b) but was still extremely serious. The reason for this delay was not clear at that time but when a diaphragm controlling the door-locking mechanism was replaced shortly afterwards, all Browne's tubes placed in loads changedto green quite satisfactorily after a sterilizing run. The probability that the delay was due to an air leak was investigated in an experimental sterilizer.
EXPERIMENT
The 4-2 cu. ft. high-vacuum experimental sterilizer with which this work has been carried out has already been described in detail (Fallon, 1961 small container), or because a track is left alongside the thermocouple lead. The thermocouple in the dummy load could not only be connected to a recorder but possibly also to an integrator, such as that described by Bowie (1961) , covering a narrow range of time-temperature conditions. In this way the best possible control of the sterilizing process may be achieved. It is possible that two such dummy loads should be used, one for each alternate run, in order that the load should cool adequately between runs.
There is no doubt that a high-speed, high-vacuum sterilizer needs very careful and expert engineering supervision and there is ample room for doubt not only whether such supervision is easily available in all hospitals but whether sterilizers are checked often enough.
The experiment where only enough air was admitted to the chamber to bring the pressure up from 15-8 mm. Hg to 20 mm. Hg absolute throws a light on the dynamics of the high-vacuum sterilizing process. This experiment (which was repeated on several occasions) showed that it was the actual air which leaked in and not the change in absolute pressure which interfered with steam penetration. If the theory is correct that during the high forevacuum water is vaporized from the dressings and sweeps out the residual air (Lancet, 1959) , it may be that not only does the water vapour scavenge air from the load but it may also aid air-scavenging from the chamber by the vacuum pump. When loads of 10 towels were placed in a dressing drum in the sterilizer and exposed to a vacuum falling from 20 to 16 mm. Hg absolute for as short a time as three minutes, it was found that their weight fell by about 5 g. (the load weighing about 860 g.). At a pressure of 15*8 mm. Hg absolute and a temperature of 18-30C. (65°F.) this amount of water, as vapour, would occupy a volume of 1126 cubic feet (318-9 litres) and obviously the generation of such an amount of water vapour would aid air-scavenging from the sterilizer. If it is remembered that 10 towels represent a very small load and that the temperature within the chamber (in a sterilizer with a heated jacket) will be over 18°C. in normal circumstances, it can be seen that this effect may be very important. When this scavenging of air is defeated by a leak, the air that is in the chamber may well be carried back into the load as the incoming steam rushes in to condense on the vast surface of the fibres of the dressings. This hypothesis explains not only what happens when a leak allows air to get back into the chamber but also why it is essential to hold the vacuum and not merely reach a level of 20 mm. Hg and then immediately let steam into the chamber (Bowie, 1961) . As noted in the M.R.C. report (Lancet, 1959) , an absolute pressure of 20 mm. Hg is above the level at which water will boil at room temperature and it is not easy to see why the level of 20 mm. Hg should be an adequate fore-vacuum. The answer probably lies in the fact that the chamber will be much hotter than room temperature and also that some vacuum pumps will pump to a level below 20 mm. Hg. absolute during the holding period of vacuum allowed for on some commercial models. The hypothesis would also explain why inadequate degrees of fore-vacuum, i.e., above 20 mm. Hg absolute, result in a delay in steam penetration into a load (Knox and Penikett, 1958; Fallon, 1961) .
The observation that a leak delays steam penetration into a load and the possible explanation for this noted above raises the question of the value of an integrator on a sterilizer in the presence of a leak or faulty fore-vacuum. In a normally functioning high-vacuum sterilizer the time-temperature integrator can be brought into action as soon as the load reaches, say, 121°C., as this temperature is due to the presence of saturated steam which will sterilize at this temperature. The time the load is above this temperature may be computed by an integrator until an adequate sterilizing period has been achieved. If, however, there is a leak, the rise in temperature in the load is delayed compared with the temperature in the chamber and this clearly must be due to the presence of air. In this case it is not permissible to integrate the time-temperature conditions until the load reaches the temperature corresponding to the pressure of steam in the chamber. Hence, although an integrator is a useful addition to a perfectly functioning sterilizer, it is clearly vital that a monitoring system should also be attached to a recorder so that any fault in the sterilizing process will be evident to the sterilizer supervisor who can then take appropriate action.
In view of the many snags that can arise, the wisdom of using a temperature of 134°C. (30 p.s.i.) for three minutes as a sterilization process should be carefully reconsidered because the margin of safety is extremely small and may be unobtrusively exceeded by quite small leaks of air. I am grateful to Dr. E. A. Bruges, Senior Lecturer in Mechanical Engineering in the University of Glasgow, for helpful discussions.
